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RETICULOENDOTHELIAL FUNCTION IN PREGNANCYt
Several clinical observations suggest that pregnancy alters reticuloendo-
thelial (RES) function. Pregnant women are more susceptible to paralytic
poliomyelitis'," and influenza,' and there is a direct relationship of multi-
parity to bacteruria.' Pregnancy also appears to be the state most likely to
prepare a human being for a generalized Shwartzman reaction. Measure-
ments of RES function in pregnant animals are few and have yielded
diverse results; Engels7 reported pregnant rats did not clear their circula-
tions of thorium suspensions as rapidly as controls, while McKay' de-
scribed enhanced clearances of carbon particles in pregnant rats when
compared to normals.
Two observations suggest that pregnancy depresses the ability of the
RES to clear clotting factors from the blood: 1) Agents which caused
RES blockade prepared an animal for a generalized Shwartzman reaction;9
2) only one dose of meningococcal endotoxin was necessary to induce a
generalized Shwartzman reaction in a pregnant rabbit.'0
Granulopectic activity, which refers to clearance of circulating particles
such as bacteria, colloidal carbon and gold, has been used to evaluate RES
function. Benacerraf, et al. have studied the behavior of aggregated human
serum albumin in the mouse, rat, rabbit, and guinea pig, and found that
clearance of aggregated albumin obeys the same laws that govern the
clearance of other colloidal suspensions from the blood.'1
The present investigation was undertaken to determine the effect of
pregnancy upon RES function in three animal species by studying blood
clearances of injected aggregated human serum albumin.
MATERIALS AND METHODS
Clearance of aggregated albumin
Concentration of particles following intravenous injection declines with time
according to an exponential function. Slope of the straight line obtained from a semi-
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logarithmic plot can be measured and is an index of the phagocytic activity of the
RES. In a given species, the slope, K, varies inversely with the initial concentration
of particles, provided a minimal number is injected. Phagocytic capacity, the product
of K times D (dose) is a constant above this minimal number. Rats and rabbits
received 9.7 mg/kg of aggregated albumin, known to be above the critical dose of
4.3 mg/kg and 1.9 mg/kg respectively." Monkeys were injected with 14.5 mg/kg.
Carrier aggregated albumin
Salt-poor human serum albumin, 25 per cent, lots #RCA50 and #RCA50B were
obtained from the Massachusetts Public Health Biological Laboratories. Albumin was
aggregated by heat according to the method of Iio and Wagner.'2 Into each of ten
30 ml. vials, 2.1 ml. of 25 per cent human serum albumin and 14.5 ml. of sterile
saline were added; pH was adjusted to 10.0 + 0.2 pH units by slowly adding 0.2 N
NaOH. Optical density at this stage of preparation, measured on the Beckman
spectrophotometer at 525 m,u was 0.38 + .003. Vials were capped and heated in a
Dubnoff shaker at 700 C. for 20 minutes followed immediately by heating at 790 C. for
20 minutes, while being shaken at 90 cycles per minute. Average change in optical
density during aggregation for four batches was .034 + .007 units. Adjustment of pH
to 7.5 was done with 0.2 N HCI.
Aggregated albumin was tested for sterility and pyrogencity and stored at 40 C.
Final concentration of albumin was .029 gm/ml.
Contents of each vial of albumin were pooled and redistributed in 30-ml. vials.
Each group of normal and pregnant animals was challenged with the same pool of
aggregated albumin.
11l labelled aggregated human serum albumin
Labelled aggregated albumin, lots RO3/Alb-DN 54-59, was obtained from the
Squibb Institute for Medical Research. Each lot was diluted with sterile saline to a
specific activity of approximately 1 mc. per mg. of protein. When combined with
carrier, the labelled protein made up less than one per cent of the protein pool.
Animals
Normal and gravid rhesus monkeys were obtained from the colony kept by the
Department of Obstetrics and Gynecology of the Yale School of Medicine. Dates of
conception were known in all gravid animals and RES function tested only during
the third trimester. Monkeys were injected via the antecubital vein and bled from the
helix of the ear.
Normal and pregnant Sprague-Dawley pathogen-free rats were obtained from
Carworth Farms, New City, New York. RES function was tested during the second
and third trimester of pregnancy. Rats were anesthetized with ether, injected via the
tail vein and bled from the retro-orbital venous plexus.
Normal and pregnant albino rabbits were obtained from Bundy Farm, New Haven,
Connecticut and weighed over three kilograms. RES function was tested during the
third trimester of gestation. Rabbits were injected via the marginal ear vein and bled
from the vein of the opposite ear.
Counting
Blood samples were collected in heparinized capillary tubes, sealed and spun in an
Adams micro-hematocrit centrifuge for five minutes. Plasma was separated, trans-
ferred to a glass pipette calibrated to contain 20 lambda and delivered into a 15 mm.
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lusteroid test tube containing 0.2 ml. of aggregated albumin. One drop of a solution
of potassium iodide (1.57 mg/ml.) and iodine (1.23 mg/ml.) was added to occupy
available binding sites on the albumin. Samples were precipitated with 1.0 ml. of
10 per cent TCA and spun in a centrifuge for 15 minutes at 2,500 revolutions per
minute. Supernatants were removed carefully by Pasteur pipette; precipitates were
washed in 1.0 ml. of 10 per cent TCA and spun again for 15 minutes. Precipitates were
then adjusted to constant volume by addition of distilled water. Samples were counted
and the TCA precipitable counts plotted versus time.
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FIG. 1. Aggregated albumin clearance in control and pregnant rats.
RESULTS
Clearances were measured in six nonpregnant and six pregnant rats.
Each clearance curve was plotted as shown in Figure 1. Phagocytic index,
K, was measured for each animal and is listed in Table 1. Mean phagocytic
index of six nonpregnant rats was .051 ± .006. In comparison, average
phagocytic index of six pregnant rats injected during the second and third
trimester of pregnancy was .060 ± .004. Difference in mean K of pregnant
and nonpregnant rats was statistically significant (p < 0.01).
Clearances to determine K were measured on four nonpregnant and
three pregnant rhesus monkeys. Clearance curves for nonpregnant and
pregnant animals are shown in Figure 2. K was determined for each animal
and listed in Table 1. Mean K of four nonpregnant rhesus monkeys was
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.047 ± .008 while the mean K of three pregnant rhesus monkeys, injected
during the third trimester of gestation was .057 ± .008. Difference between
the mean K for pregnant and nonpregnant monkeys was not statistically
significant (p < 0.05).
Five nonpregnant and five pregnant albino rabbits were also tested.
Each clearance curve was plotted as shown in Figure 3. K was measured
for each animal and listed in Table 1. Mean K of five nonpregnant rabbits
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FIG. 2. Aggregated albumin clearance in control and pregnant rhesus monkeys.
was .027 + .005. Mean K of five pregnant rabbits who were injected
during the third trimester of gestation was .027 + .003. No significant
differences between the pregnant and nonpregnant animals were observed.
DISCUSSION
Pregnant and nonpregnant animals from three species were investigated
to determine clearances of aggregated human serum albumin from the
circulation by the RES. Differences between normal and gravid animals
were small but significant in pregnant rats where increased clearances
were noted. McKay, et al., using carbon particles, also observed increased
clearances in pregnant rats.8 Several factors may play a role in determining
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these differences: 1) Estrogens have been shown to enhance clearance of
carbon particles in mice;"8 ' excretion of these steroids increases 100 to
1,000-fold in pregnancy. 2) Physiologic increase in blood volume during
pregnancy alters the relationship between body weight and blood volume.
Dosages calculated on the basis of body weight during pregnancy may
result in lower plasma concentrations and increased clearances. 3) Calcu-
lations of dose by weight of the pregnant animal is affected by weight of
the products of conception, resulting in a larger concentration of particles
4 -4-
CONTROL RABBITS PREGNANT RABBITS
0
2 2
z
z
0~lo0 10
No.1I No. 1
o 2 6 o 2
x 3 X 3
. 4 . 4
. 5 sU 5
..** * 4I..____ .____ .___ .____ ._____
t 2 4 6 o 10 12 14 t 2 4 6 a 10 12 14
INJECTION MINUTES INJECTION MINUTES
FIG. 3. Aggregated albumin clearance in control and pregnant rabbits.
in the maternal circulation. This factor makes the enhanced clearances in
pregnant rats more significant. When operative in the intact animal, the
variables listed above may affect clearances of aggregated albumin in either
direction; observed clearances in pregnant animals compared to controls
were not large and do not support the hypothesis that RES function is
markedly impaired in pregnancy.
The changing slope of the clearance curves suggests a lack of homo-
geneity of the albumin suspensions. Indeed, separation of a sample of
aggregated albumin on a Sephadex G-200 column showed that only 60
per cent of the carrier protein travelled in the first peak compared to
87 per cent of the labelled material. This heterogenous population of
particles may explain why phagocytic capacities for rats and rabbits are
320
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lower than those reported by Benacerraf, et al.' By comparison, this sus-
pension contained more small particles of long half-life, and fewer large
particles of short half-life. The results, comparing the granulopectic ac-
tivities of two groups of animals with an indentical pool of particles, should
not be affected by this phenomenon.
Thomas has observed multinucleated cells which resemble syncytial
trophoblasts in the venous circulation of the pregnant uterus in humans.'5
The effects of trophoblasts or their products on the RES are unknown.
Results reported above do not support the view that these cells blockade the
RES during pregnancy. Indeed, stimulatory effects on the RES by cir-
culating trophoblasts cannot be excluded.
The RES may respond to injury or infection with an increase in the
number of macrophages as well as an increase in their granulopectic activity.'6
A single clearance of aggregated albumin would not measure the prolifera-
tive potential of the RES; this aspect of altered function remains to be
investigated.
SUMMARY
Three species of animals were investigated to determine the effects of
pregnancy upon granulopectic activity of the RES. Pregnancy was found
to increase significantly the clearance of aggregated human serum albumin
in rats; a similar but slight increase in clearance was noted in gravid
monkeys. RES function was unaffected in pregnant rabbits.
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